I
n patients with ST-segment elevation myocardial infarction (STEMI) discharged from hospital, risk stratification is a challenge (1) . Noninvasive techniques are necessary not only to establish the probability of systolic recovery (2) but also to predict risk (3) .
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Soon after STEMI, cardiac magnetic resonance (CMR) allows for a simultaneous state-of-the-art analysis of the extent of wall motion abnormalities (WMA) at baseline, WMA with low-dose dobutamine (WMA-dobutamine), microvascular obstruction and transmural necrosis (2, 4) . Separately, some of these CMR indexes have been proven to be useful for stratifying risk (5) (6) (7) (8) , but their relative prognostic weight once adjusted for well-established predictors is unknown. Taking into account that this is a timeconsuming approach and that CMR is not widely available yet, this issue needs to be addressed. The management and risk stratification of patients with STEMI has to be based on a complete clinical evaluation and on an estimation of systolic function (1) . We hypothesized that a comprehensive assessment of CMR soon after STEMI can provide independent prognostic information beyond this traditional and well-established approach. The relative value of CMR indexes for predicting outcome soon after a first STEMI was also analyzed.
M E T H O D S
Study group. From January 2004 to December 2006, we prospectively included 250 consecutive patients admitted to a tertiary university hospital with a first STEMI treated with thrombolytic therapy or primary angioplasty. The exclusion criteria were as follows: contraindications to CMR (n ϭ 3), death (n ϭ 14), reinfarction (n ϭ 5), severe clinical instability (n ϭ 11), and need for cardiac surgery during admission (n ϭ 3). Accordingly, the study group comprised 214 patients without serious complications during admission, discharged from hospital, and in whom CMR studies were successfully performed.
The local ethics committee approved the research protocol. Informed consent was obtained from all subjects.
Reperfusion therapy. Reperfusion strategy and medical treatment were left to the discretion of the attending cardiologists. Thrombolytic agents were administered in 125 patients (58%), and 89 (42%) were directly submitted to percutaneous revascularization.
Overall, 198 patients (92%) were treated with a stent: 89 during primary angioplasty, 23 during rescue angioplasty, and 86 during routine cardiac catheterization performed after thrombolysis (median 2 days).
Thrombolysis In Myocardial Infarction (TIMI) flow grade and myocardial blush grade were determined offline by an experienced observer unaware of CMR results with the software Integris HM3000 (Philips, Best, the Netherlands). A TIMI flow grade 3 and myocardial blush grade 2 to 3 were regarded as normal (9) .
Baseline characteristics, electrocardiogram, and blood samples. Baseline characteristics and clinical data were recorded in all cases. The TIMI risk score for STEMI was calculated in all patients as a surrogate of baseline clinical risk (10) . The percentage of sum ST-segment resolution 90 min after reperfusion therapy was determined. Peak troponin I was assessed. CMR. CMR (1.5-T scanner, Sonata Magnetom, Siemens, Erlangen, Germany) was performed 7 Ϯ 1 day (at least 48 h after cardiac catheterization) after STEMI in accordance with our laboratory protocol (2, 8, 11) . All images were acquired by a phasedarray body surface coil during breath-holds and were electrocardiogram (ECG)-triggered.
Cine images were acquired at rest and during intravenous infusion of low-dose (10 g/kg/min) dobutamine in 2-, 3-, and 4-chamber views and every 1 cm in short-axis views with steady-state free precession imaging sequences (repetition time/echo time: 3.2/1.6 ms; flip angle: 61°; matrix: 256 ϫ 128; slice thickness: 6 mm; temporal resolution: 26 ms).
Delayed enhancement imaging was performed in the same projections used for cine images at least 10 min after administering 0.1 mmol/kg of gadoliniumdiethylenetriaminepentaacetic acid (Magnograf, Juste S.A.Q.F., Madrid, Spain). A segmented inversion recovery steady-state free precession imaging sequence was used (repetition time/echo time: 2.5/1.1 ms; slice thickness: 6 mm; flip angle: 50°; matrix: 195 ϫ 192) nullifying myocardial signal. CMR data analysis. The CMR studies were analyzed offline by an experienced observer blinded to all patient data with customized software (QMASS MR 6.1.5, Medis, Leiden, the Netherlands). The 17-segment model was applied (12) .
End-diastolic volume index (ml/m 2 ), endsystolic volume index (ml/m 2 ), ejection fraction (%), ejection fraction with low-dose dobutamine (%), and left ventricular mass (g/m 2 ) were quantified by manual definition of endocardial and epicardial borders of all short-axis slices in cine images.
Four CMR indexes were determined (Fig. 1 ). The criteria used to define abnormal results on a segmental basis were based on validated definitions (4, 7, 13 ) and on our previous data to predict late systolic recovery (2, 14) .
On a patient basis, the extent of each index was defined as the number of segments displaying abnormal results (4, 8, 14) . The cutoff values used to consider "significant" abnormalities were established on the basis of the receiver-operating characteristics curves for predicting major adverse cardiac events (MACE).
WMA. On a segmental basis wall thickening was quantitatively assessed in all segments in cine sequences at rest and abnormal wall thickening (endsystolic thickness Ϫ end-diastolic thickness, mm) was considered if Յ2 mm. On a patient basis, significant WMA was considered if abnormal wallthickening was present in Ͼ5 segments.
WMA-DOBUTAMINE.
On a segmental basis abnormal wall thickening was considered if Յ2 mm. On a patient basis, significant WMA-dobutamine was considered if abnormal wall thickening was present in Ͼ5 segments.
MICROVASCULAR OBSTRUCTION. On a segmental basis this index was visually defined in delayed enhancement sequences as a lack of contrast uptake in the core of a segment surrounded by tissue showing delayed enhancement. On a patient basis, significant microvascular obstruction was considered if it was detected in at least 1 segment.
EXTENT OF TRANSMURAL NECROSIS.
On a segmental basis, transmural necrosis was quantitatively considered when Ն50% of the myocardial wall showed signal intensity Ͼ2 SD in comparison with a remote noninfarcted area. On a patient basis, significant extent of transmural necrosis was considered if it was detected in Ͼ4 segments. The percentage of left ventricular mass showing delayed enhancement was also calculated and used as a surrogate of infarct size.
In our laboratory, in a series of 50 patients (850 segments) with STEMI, the interobserver variability with respect to all indexes evaluated was Ͻ5%. End point and follow-up. The end point was MACE and included cardiac death, admission for nonfatal myocardial infarction (15) , and admission for heart failure (16) whichever occurred first. All MACE were reviewed, and consensus between 3 cardiologists was required to finally designate a MACE. Statistical analysis. Continuous data were expressed as the mean Ϯ SD and were compared by the unpaired t test. Proportions were compared by the chi-square statistic; the Fisher exact test was used when appropriate. Survival distributions for the time to event were estimated with the KaplanMeier method and the log-rank test.
The association of variables with MACE was assessed with the Cox proportional hazard regression model with stepwise multivariate procedures. Variables with a p value Յ0.2 in the univariate analyses along with traditional risk factors were tested in multivariate procedures. A significance of 0.05 was required for a variable to be included in the final multivariate model. Hazard ratios (HRs) with the corresponding 95% confidence intervals (CIs) were estimated. The ability of variables to predict MACE was also assessed by estimating the Harrell's C-statistic.
Statistical significance was considered for p Ͻ 0.05. The software SPSS version 11.0 (SPSS Inc., Chicago, Illinois) and STATA version 9.0 (Stata Corp., College Station, Texas) were used throughout.
R E S U L T S
During a median follow-up of 553 days (range 280 to 1,092 days), 21 first MACE including 4 cardiac deaths, 6 nonfatal myocardial infarctions, and 11 readmissions for heart failure were detected.
Baseline characteristics, ECG, biochemical, and cardiac catheterization variables associated with MACE are displayed in Table 1 . Prognostic value of CMR. UNIVARIATE ANALYSIS. In the univariate analysis, patients with MACE showed a more depressed ejection fraction, a lower ejection fraction with low-dose dobutamine, a larger endsystolic volume index, more left ventricular mass, a larger infarct size, and a trend toward a larger enddiastolic volume index. Similarly, patients with MACE displayed a larger extent of the 4 CMR indexes evaluated: WMA, WMA-dobutamine, microvascular obstruction, and transmural necrosis ( Table 2) .
Significant WMA was detected in 89 patients (42%), WMA-dobutamine in 56 (26%), microvascular obstruction in 67 (31%), and transmural necrosis was detected in 74 (35%). In the univariate analyses, the presence of abnormal CMR indexes soon after infarction was associated with a higher probability of MACE during follow-up (Fig. 2, Table 3 ).
The MACE, death/reinfarction, and heart failure rates depending on the presence or absence of abnormal CMR indexes are displayed in Table 3 . 
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Figure 2. CMR Indexes and MACE Rate
Kaplan-Meier survival distributions without major adverse cardiac events (MACE) on the basis of the presence or absence of abnormal cardiac magnetic resonance (CMR) indexes soon after infarction. WMA ϭ wall motion abnormalities; WMA-dobutamine ϭ WMA with lowdose dobutamine. Table 2 . Combined analysis. A combined analysis of the variables independently associated with prognosisnamely, WMA and the extent of transmural necrosis-was carried out. In the univariate analysis, the presence of transmural necrosis in Ͼ4 segments increased the probability of cardiac events during follow-up in patients with WMA in Յ5 segments and in those with WMA in Ͼ5 segments (Fig. 3) .
In the multivariate analysis, the extent of transmural necrosis independently increased the risk of MACE both in patients with WMA in Յ5 segments (HR: 1.35, 95% CI: 1.02 to 1.78/segment, p ϭ 0.04) and in those with WMA in Ͼ5 segments (HR: 1.31, 95% CI: 1.10 to 1.55/segment, p ϭ 0.002).
Therefore, the extent of transmural necrosis afforded prognostic information to predict MACE regardless of the state of WMA (p for interaction between WMA and transmural necrosis to predict MACE ϭ 0.8).
D I S C U S S I O N
The main finding of the present study is that a comprehensive CMR assessment allows for risk stratification soon after STEMI. The WMA and the extent of transmural necrosis provide the most relevant prognostic information.
In STEMI patients, recent recommendations warrant an aggressive approach to re-establish coronary flow (1, 9) . In this scenario myocardial ischemia in the infarcted area is eliminated, and the clinical profile of patients (1) along with the residual systolic function (17) emerge as the strongest prognostic factors.
CMR allows for a simultaneous state-of-the-art assessment of a variety of indexes and is the only imaging technique that permits a reliable quantification of the extent of transmural necrosis (3). Whether CMR indexes afford prognostic information beyond that obtainable by means of echocardiography is unclear. When both WMA at rest and transmural necrosis were absent, the MACE rate was very low; it was intermediate when only 1 index was abnormal and high when both indexes were altered. Abbreviations as in Figure 2 . Due to the speedy incorporation of CMR into daily practice for diagnostic purposes, its prognostic validation-a mandatory step in becoming an integral part of the management of patients (3)-is ongoing. So far, data on the usefulness of individual CMR indexes for predicting risk soon after STEMI patients are scarce (5, 6, 18) , and whether they yield prognostic information once adjusted for baseline characteristics and systolic function is uncertain. This is a relevant issue because a comprehensive approach is possible but time-consuming, and CMR is not available in all institutions yet.
The present study represents the largest series of patients so far dealing with the prognostic implications of CMR soon after STEMI. CMR indexes and prognosis after STEMI. We determined, along with systolic function, the extent of 3 additional CMR indexes: contractile reserve, microvascular obstruction, and transmural necrosis.
CONTRACTILE RESERVE. Contractile reserve has been widely used for predicting systolic recovery after STEMI (19) . Owing to its high spatial resolution, CMR represents the ideal technique for perfectly quantifying the response to dobutamine. Data regarding the prognostic usefulness of dobutamine-CMR in the context of myocardial stunning are lacking. In this study we demonstrate that the analysis of the extent of WMAdobutamine contributes prognostic information. However, from a practical point of view, assessment of WMA-dobutamine should be carefully considered because it is time-consuming and it does not improve the prognostic information provided by more easily obtainable indexes such as baseline systolic function and the extent of transmural necrosis.
MICROVASCULAR OBSTRUCTION.
In STEMI patients, once coronary flow has been restored, microvascular perfusion is of paramount importance (20) . We detected, in agreement with existing evidence (5,6), altered microvasculature in almost one-third of the study group, exerting a deleterious effect on patient outcome. Cardiac magnetic resonancederived microvascular obstruction appeared as an independent predictor of events in a pioneering study including a small group of patients (5) and in a more recent work that comprised a heterogeneous series of STEMI and non-STEMI patients (6) .
In the present study, the strong prognostic information provided by microvascular obstruction was overcome by the extent of transmural necrosis.
These results are in agreement with recent data in the context of chronic (7) and acute (18) STEMI and could be in part explained by the dynamic changes of microvascular perfusion over the first days and weeks after infarction (11, 14) . Conversely, we have previously demonstrated that, in comparison with the other CMR indexes, the extent of transmural necrosis displays a more stable course (14) , strengthening its ability to predict late systolic function (18) and prognosis since the acute phase.
TRANSMURAL NECROSIS. In the context of recent STEMI, we detected striking differences in terms of MACE rate when comparing patients with (5 or more segments) and without (0 to 4) a large extent of transmural necrosis: 23% versus 3% (Fig. 2) . Moreover, this parameter added independent prognostic information even after adjustment for wellestablished prognostic markers such as clinical characteristics, ECG, troponin I, angiography-derived perfusion variables, ejection fraction, left ventricular volumes, and all CMR indexes. The same trend was observed both in patients with and without large WMA (Fig. 3) , confirming the independent prognostic value of the extent of transmural necrosis soon after STEMI beyond systolic function.
Systolic function has been traditionally considered the main prognostic factor after STEMI (1, 17) . Dysfunctional segments might improve in the weeks and months after reperfusion (2), exerting a decisive influence on patient outcome (1). Recovery of hypokinetic areas mainly depends on the extent of transmural necrosis (2, 13) , and CMR is currently the gold standard tool for assessing this phenomenon (3). This probably explains why, in our study, this was the only index that afforded independent information along with WMA. Study limitations. We detected a small number of clinical events during follow-up that could be due to the wide use of percutaneous revascularization during admission as well as to the exclusion of patients at the highest risk, those with events and with severe clinical instability in acute phase. This could have an effect on our results, especially with respect to the multivariable analysis. The quantitative detection of "gray areas" (with intermediate signal intensity between remote and infarcted myocardium) has been previously related to prognosis in a series of patients with ischemic heart disease with different characteristics from ours (21); we did not carry out this analysis, which could have been helpful in improving the risk stratification process.
